International Journal of Odonatology, 2020 Taylor & Francis 
Vol. 23, No. 4, 305-314, https://doi.org/10.1080/13887890.2020.1779826 Taylor & Francis Group 


® Check for updates 


Congruence of the composition of Odonata between dry and 
rainy seasons in the Maranhense Cerrado 


Lucas Pereira Moura ®?*, Sheyla Regina Marques Couceiro ®>, Leandro Juen O“ and 
Daniel Silas Veras O! 


“Programa de Pós-graduação em Biodiversidade (PPGBEES), Universidade Federal do Oeste do Pará, 
Laboratório de Ecologia e Taxonomia de Invertebrados Aquáticos, Santarém, Pará, Brazil; bUniversidade 
Federal do Oeste do Pará, Instituto de Ciências e Tecnologia das Águas — ICTA, Laboratório de Ecologia 

e Taxonomia de Invertebrados Aquáticos, Santarém, Pará, Brazil; “Universidade Federal do Pará. 
Instituto de Ciências Biológicas. Laboratório de Ecologia e Conservação, Belém, Pará, Brazil; 4 Instituto 
Federal do Maranhão, Laboratório de Ecologia de Comunidades, Caxias, Maranhão, Brazil 


(Received 13 April 2020; final version received 2 June 2020) 


Nos riachos tropicais a sazonalidade tem forte influência sobre a heterogeneidade, alterando os recur- 
sos disponíveis e ocasionando o carreamento de organismos, substrato e matéria orgânica. Provocando 
mudanças nas variáveis limnológicas, bem como na composição de espécies. O objetivo de nosso tra- 
balho foi avaliar a congruência de resposta da comunidade de Odonata em duas estações sazonais em 
riachos da transição entre Cerrado e Caatinga. Foram amostrados 10 riachos afluentes do rio Itapecuru em 
Caxias, no leste do Maranhão nos meses de julho a dezembro de 2017 (menor precipitação) e em janeiro a 
junho de 2018 (maior precipitação). Um total de 386 espécimes foram coletados sendo 160 na estação de 
menor precipitação e 226 para a estação de maior precipitação. Não houve congruência de resposta para a 
ordem Odonata entre as estações, no entanto, para as subordens separadamente, Zygoptera apresentou alta 
congruência de imaturo, mas não houve para Anisoptera. Assim, em ambientes que enfrentam um forte 
estresse hídrico e devido as diferenças ecofisiológicas das subordens, a amostragem de apenas um período 
sazonal não fornece dados consistentes sobre a composição das espécies (Zygoptera apresentou semel- 
hança na composição entre os dois períodos, mas não para Anisoptera), perdendo informações importantes 
sobre a diversidade local. Se o foco é a biodiversidade, o uso de subordinados pode estabelecer padrões 
de diversidade e adaptação entre as estações, tendo em vista as diferenças ecofisiológicas existentes. 
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In tropical streams, seasonality has a strong influence on heterogeneity, altering available resources and 
affecting the carrying of organisms, substrate and organic matter. This causes changes in the limnological 
variables, as well as in the species composition. The aim of our study was to evaluate the response of the 
congruence of the Odonata community in two seasons in streams of the transition between Cerrado and 
Caatinga. Ten tributary streams of the river Itapecuru in Caxias, in eastern of Maranhão, were sampled 
from July to December 2017 (lowest precipitation) and from January to June 2018 (highest precipitation). 
A total of 386 specimens were collected, 160 in the season with the lowest precipitation and 226 in the 
season with the highest precipitation. There was no congruence of response for the order Odonata between 
the seasons; however, if the suborders are treated separately, Zygoptera presented a high congruence of 
larvae, but not Anisoptera. Thus, in environments that face strong water stress and due to the ecophysio- 
logical differences of the suborders, the sampling of only one seasonal period does not provide consistent 
data on the species composition (Zygoptera showed similarity in the composition between drought and 
rainy seasons, but not Anisoptera), losing important information about local diversity. If the focus is on 
biodiversity, the use of suborders can establish patterns of diversity and adaptation between seasons, in 
view of the existing ecophysiological differences. 
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Introduction 


The physical and chemical characteristics of tropical streams vary seasonally throughout the 
year, due to the increase or decrease of precipitation. This climatic seasonality influences the 
heterogeneity of habitats, the abiotic variables and availability of resources in these systems 
(Oliveira-Junior, Cabette, Silva-Pinto, & Juen, 2013; Pereira, Pio, Calor, & Copatti, 2017; Vaz, 
Vaz, Pelizari, Biagioni, & Smith, 2017), significantly affecting the community structure of 
aquatic organisms (Bartels, Ask, Andersson, Karlsson, & Giesler, 2018). This variability of the 
environment acts as a filter, selecting the species with the best ecological strategies for survival 
and permanence in that ecosystem, shaping the community as a whole (Elosegi & Pozo, 2016; 
Rosser & Pearson, 2018). 

Understanding how species respond to the heterogeneity of the natural environment helps in 
the development of dynamic population models and ecosystem processes (Mendes, Oliveira- 
Junior, Cabette, Batista, & Juen, 2017; Rosser & Pearson, 2018). In a continuous flow, this 
understanding makes it possible to establish monitoring mechanisms that allow assessment of the 
environmental conditions of streams (Salcedo, 2006; Souza, 2010; Vilas Boas & Camargo, 2017; 
Yokoyama, Paciencia, Bispo, Oliveira, & Bispo, 2012), comparing and differentiating effect of 
natural and anthropogenic changes (Costa, Branco, & Bispo, 2014). 

Aquatic systems are dynamic and complex and are directly and indirectly influenced by several 
factors that can act at different scales (Heino et al., 2004; Leps et al., 2015). One of these factors 
is the precipitation, which interferes in the habitat structure (e.g. width, depth and flow), even 
in streams whose vegetation on the banks completely covers their course, through the horizontal 
flow of rain (Pontes, De Lima, Júnior, & De Azevedo Sadeck, 2017; Veras, Medeiros-Franga, 
& Azévedo, 2018; Yokoyama et al., 2012). The variation in the volume of water can directly 
decrease or create new types of mesohabitats by varying the combinations of the characteristics 
of the substrates (microhabitats) and the surface flows of water (habitats) (Beisel et al., 1998). 
In addition, constant water spills cause homogenization of the stream substrate, limiting impor- 
tant resources for the maintenance of fauna (e.g. food and micro-habitats). The changes from 
the increase (rainy season) or reduction (dry season) pluviometric modify the environmental 
gradients that determine the structure of the communities present in the different micro-habitats 
(García-Roger et al., 2011; Giam et al., 2017). Due to changes in gradients between seasonal 
periods, several ecological studies with aquatic macroinvertebrates have comparisons between 
climatic seasons in order to demonstrate the effects of seasons on the beta diversity of these 
organisms (Dos Santos Bertoncin, Pinha, Baumgartner, & Mormul, 2019; Marques & Del-Claro, 
2010; Oliveira & Frizzas, 2008; Salcedo, 2006), especially from Odonata. 

Odonata are important components of aquatic food chains because they are top predators in 
these ecosystems (Anderson & Semlitsch, 2016; Pinto, 2016), feeding on other aquatic insects, as 
well as fry and tadpoles. Furthermore, the fauna of Odonata is widely used in ecological studies 
of environmental monitoring and evaluation, since many taxa, even at the suborder level, are 
sensitive to environmental changes (Corbet, 1999; De Marco, Batista, & Cabette, 2015; Pinto, 
2016), with mesohabitats and substrates present in the streams being major predictors of the 
composition of larvae (Mendes, Benone, & Juen, 2019; Pires, Siegloch, Hernandez, & Petrucio, 
2020) and conditions of the gallery forest being a potential predictor for adults (De Marco et al., 
2015; Juen, Oliveira-Junior, Shimano, Mendes, & Cabette, 2014). 

The two suborders of Odonata registered in Brazil, Anisoptera and Zygoptera, have eco- 
physiological distinctions for adults and larvae (De Marco et al., 2015; Mendes et al., 2019). 
Anisoptera larvae are larger in size than Zygoptera larvae and tolerate greater environmental 
variation (greater plasticity) with many generalist species (Mendes et al., 2019). Meanwhile, 
Zygoptera larvae need complete environmental conditions (Mendes, Cabette, & Juen, 2015; 


Composition of Odonata in dry and rainy seasons 307 


Monteiro-Junior, Couceiro, Hamada, 2013). Thus, throughout evolutionary history, species 
have developed different ecological strategies that meet the demands provided by variations 
in the environmental gradient due to the different levels of precipitation (Corbet, Suhling, & 
Soendgerath, 2006). Most Anisoptera species have two or more emergences of the larval phase 
for adults per year (bivoltine or multivoltine) (Reels, 2011), while species of Zygoptera have 
only one emergence per year, with exceptions, or every two years (univoltine or semivoltine) 
(Corbet, 1999; Corbet et al., 2006; Purse & Thompson, 2002). 

Considering the environmental variations produced by the changing levels of precipitation, our 
objective was to evaluate the congruence of response of the Odonata community, considering 
the two suborders in two seasons with pronounced differences in precipitation in a transition 
area between Cerrado and Caatinga. The following hypotheses will be tested: (1) there will be 
differences in richness and abundance for the order and suborders, with rainfall rates modifying 
the environment, forcing the migration of individuals who need specific conditions; (2) there will 
be no congruence in the composition of larval Odonata between seasons, since the difference in 
precipitation rates promotes the modification of mesohabitat and some of the individuals quickly 
complete their life cycle; (3) when compared separately, we expect a high level of congruence 
in Zygoptera between periods of drought and rainy season, as they present a longer period of 
diapause in response to seasonal variations, staying longer in the water to complete their life 
cycle. 


Methodology 


Study area 


The study was carried out in first and third order tributaries of the Itapecuru River, in Cax- 
ias, Maranhão (Figure 1). The city of Caxias is located in the eastern region of the state, in 
an area of the Cerrado-Caatinga ecotone (Reis & Conceição, 2010). It presents a diversity of 
phytophysiognomies such as semi-deciduous forests, typical cerrado, fields, gallery forests, as 
well as anthropized areas such as second-growth forests (capoeira) and babaçu forests (Oliveira, 
Medeiros, Oliveira, & Conceição, 2018; Reis & Conceição, 2010; Veras, Castro, Lustosa, 
Azevêdo, & Juen, 2019). 

Caxias has a sub-humid to semi-arid climate, with temperatures ranging between 21.2ºC and 
38.3°C. The rainfall is 1200-1300 mm per year, with two well-defined climatic seasons, a rainy 
summer (January to June) and a dry winter (July to December) (Correia-Filho, 2011; Fernandes, 
Conceição, Costa, & Paula-Zárate, 2010). For the last three years the average rainfall for the 
period of least precipitation was 16mm (+ 16.8), while for the period of greatest precipitation 
it was 227.1 mm (+ 285.4) (Instituto Nacional de Meteorologia (INMET), 2020). 

Itapecuru River basin is 52,884 km? in area. This basin is of paramount importance to the state, 
as it provides water supply to riverside cities, and is also used in family farming, livestock, fish 
farming and transportation in the region (De Alcantara, 2004). 


Collection, screening and identification of larvae Odonata 


Ten streams were sampled (Table S1) in two seasons: dry (July to December 2017) and rainy 
(January to June 2018), totaling 20 sample units. In each stream a 50 m transect was delimited 
on one of its banks, divided into five sample sections of 10m each. Each section was searched 
with the aid of an aquatic entomological net in D (rapiché with 1 mm mesh), sieves and by manual 
collections of larval Odonata. The available substrates (logs, submerged roots, leaves, stones and 
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Figure 1. Hydrographic basin of the Itapecuru River in the city of Caxias, Maranhão, Brazil. Streams: Areia Branca 
(ABC), Cocos (COC), Inhamum (INH), Itapecuruzinho (ITZ), São José (SJS), Lamego (LAM), Riachão RCH), Sanharó 
(SNH), Soledade (SOL), Sumidouro (SUM). 


macrophytes) in each section were sieved and examined three times, following the methodology 
proposed by Dias-Silva, Cabette, Juen, and De Marco (2010). After collection, Odonata larvae 
were stored in vials containing 70% ethanol. To identify the samples, a stereomicroscope was 
used with taxonomic keys to the genus level (Costa, Azevedo, Ferreira, & Moura, 2015; Costa & 
Oldrini, 2005; Hamada, Nessimian, & Querino, 2014). Some studies on larvae have already used 
this taxonomic resolution to produce good results and relationships (e.g. Mendes et al., 2015; 
Valente-Neto et al., 2016). 


Data analysis 


The jackknife first-order non-parametric richness estimator was used to construct the accumu- 
lation curve and verify the collection efficiency, as well as to compare the estimated richness 
between the seasons with the highest and lowest precipitation. This estimator takes into account 
the rarity of specimens, by randomizing the pseudo-replicates of each stream (Ferreira-Peruquetti 
& De Marco Jr, 2002; Mendes et al., 2017). Abundance represented the simple counting of 
individuals per stream. 

Due to ecophysiological differences, we treated the Anisoptera and Zygoptera order and 
suborders separately. To check if there are differences in abundance and richness between sub- 
orders and in each collection period, we performed t-tests independent, transforming the data 
(log10[x + 1]) so that the assumptions were met. 

For composition, six matrices were generated with data of abundance of the taxa trans- 
formed by (log10[x + 1]) by climatic season (Odonata, Anisoptera and Zygoptera x dry season 
and rainy season). The matrices were reduced by PCoA (principal coordinate analysis) order- 
ing, using the Bray—Curtis distance in order to verify the similarity in the composition of the 
communities between stations. Then, the data were also analyzed by Procrustes (Procrustean 
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Figure 2. (A) Comparison of richness (t = —1.378; df = 18; p = 0.185) and (B) abundance (t = —1.244; df = 18; 
p = 0,230) for Odonata larvae between the dry and rainy seasons in Caxias city, Maranhão; (C) comparison of richness 
(Anisoptera: t = —1.203; df = 18; p = 0.244; Zygoptera: t = —0.847; df = 18; p = 0.407) and (D) abundance 
(Anisoptera: t = —0.793; df = 18; p = 0.438; Zygoptera: t = —1.230; df = 18; p = 0.234) for larvae of the 
suborders between the dry and rainy seasons in Caxias city, Maranhão. 








Randomization Test) (Mendes et al., 2017; Shimano, Cardoso, & Juen, 2018) determining the 
significance of the congruence between dry and rainy seasons for Odonata, Anisoptera and 
Zygoptera. 

To perform the statistical tests, the software EstimateS 7 and the statistical environment R 
version 1.1.383 with a vegan package (R Development Core Team, 2015) were used. 


Results 


A total of 386 specimens of Odonata were collected, with 160 specimens collected in the dry 
season and 226 in the rainy season. The estimated richness was similar to that observed, with the 
registration of 19 genera, stabilizing the species accumulation curve with a collection efficiency 
of 95%. In terms of composition, Perithemis (n = 44) was the most abundant genus, followed 
by Argia (n = 19) in the dry period (Table S2). Meanwhile, in the rainy season, in addition to 
Perithemis (n = 43), Hetaerina (n = 33) also had high abundance (Table S3). 

The order Odonata and the suborders Anisoptera and Zygoptera showed no differences when 
compared in terms of richness or abundance between the seasons (Figure 2); therefore not cor- 
roborating our hypothesis 1. However, when we analyze the richness between the suborders 
(Anisoptera vs Zygoptera) in each season, significant differences were observed (Figure 2C; 
drought: t = 2.269, df = 18, p = 0.035; rainy : t = 3.028, df = 18, p = 0.007). 
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Odonata assembly in the streams sampled in Caxias city, Maranhão (axis 1: 32.01%; axis 2: 16.30%). Dry 
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Figure 4. Anisoptera assembly in the streams sampled in Caxias city, Maranhão (axis 1: 28.79%; axis 2: 20.69%). Dry 
(S) and rainy (C) seasons. 
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Figure 5. Zygoptera community in the streams sampled in Caxias city, Maranhão (axis 1: 41.72%; axis 2: 37.30). Dry 


(S) and rainy 


(C) seasons. 


The composition of Odonata and Anisoptera showed little overlap between seasonal periods 
(Figures 3, 4 and 6), while Zygoptera showed a high level of congruence between the dry and 
rainy seasons, with Perilestes being the only genus collected in both seasons (Figures 5 and 6), 
thus corroborating our hypotheses 2 and 3. 
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Figure 6. Congruence level in the composition of Odonata larvae (Anisoptera — left; Zygoptera — right) between the 
seasons of lesser and greater precipitation. 


Discussion 


Our results indicate low congruence between the composition of genera of the order Odonata and 
the suborder Anisoptera between the rainy and dry periods,thus, for studies in savanna biomes 
that present a high discrepancy between the volumes of precipitation, which has the main tool of 
inference to community composition, sampling at just one of the stations is not enough to collect 
all the diversity, losing important information about the real local diversity (Carvalho & Nes- 
simian, 1998; Dos Santos Bertoncin et al., 2019; García-Roger et al., 2011). This corroborates 
our hypothesis 2, stating that the composition of the assemblies is strongly influenced by the pro- 
cesses that occur in the environment, such as the variation in precipitation (Mendes et al., 2019). 
Meanwhile, metrics such as richness and abundance can be used in just one season, since they did 
not show significant differences between seasons (Salcedo, 2006; Vilas Boas e Camargo, 2017). 
However, there was a small increase in the abundance and richness of the order and suborders 
for the rainy season, that can generate information about adaptation, behavior, survivorship, and 
consequently potential biodiversity (Salcedo, 2006; Vilas Boas & Camargo, 2017). 

The suborder Anisoptera showed greater richness and abundance than Zygoptera, indicating a 
greater effect on the general diversity patterns for the order Odonata (Arimoro, Ikomi, Ajuzieogu, 
& Nwadukwe, 2011; Mendes et al., 2019). This pattern can be expected, as in the Anisoptera 
development process, most species have an emergence cycle (changes from larva to adult) two 
or more times a year (bivoltines or multivoltines), promoting changes in species composition 
in a short period of time (Corbet, 1999; Reels, 2011). This is different to what is expected for 
Zygoptera, for which a strong congruence was observed for all metrics evaluated between the 
dry and rainy seasons. In this taxon, most species are univoltine (with only one emergence cycle) 
or partially bivoltine (an emergence cycle every two years), remaining in the water for a longer 
time, allowing sampling both in the period of less precipitation and in the period of greater 
precipitation (Corbet, 1980; Corbet et al., 2006; Dalzochio, Périco, Renner, & Sahlén, 2018; 
Mellal, Zebsa, Bensouilah, Houhamdi, & Khelifa, 2018). 
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Our study indicates that studies with limited financial or time resources, that are to be carried 
out in areas with strong discrepancies between different seasonal periods, should be sampled 
in the period of greatest precipitation, because in this season there was the greatest richness 
of Odonata, with five genera present that did not occur in the dry season, representing ~ 95% 
of the existing biodiversity compared to ~ 74% of the biodiversity recorded in the dry season. 
Meanwhile, in biomonitoring activities, the use of the suborder Zygoptera should be preferred 
due to the congruence of the taxon between the two stations, to the detriment of Anisoptera. If 
the focus is on biodiversity, the use of suborders can establish patterns of diversity and adaptation 
between seasons, in view of the existing ecophysiological differences. 


Conclusion 


The composition of the Odonata community (order and suborder Anisoptera) differs between the 
seasonal periods of areas with savanna biomes. This difference is not observed for the composi- 
tion of Zygoptera and the other diversity metrics analyzed in the present study. This indicates that 
for studies that intend to have a broader view of species diversity, the most appropriate metric is 
the use of species composition. 
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